OBJECTIVES: To evaluate the association between anthropometric parameters and lipid levels among Taiwanese school children. DESIGN AND METHODS: Using a probability-proportional-to size sampling and multi-stages sampling procedure, we sampled 1500 school children from 10 schools in Taipei city. Anthropometric parameters including body weight, body height, waist circumference, hip circumference and skinfolds were measured. Serum total cholesterol (CHOL), triglycerides (TG), high density lipoprotein-cholesterol (HDL-C), apolipoprotein A1 and B (ApoA1 and ApoB) were measured by standard methods, low density lipoprotein-cholesterol (LDL-C) and CHOLaHDL-C ratio were calculated by formula. RESULTS: We included in our analyses 1366 children (681 boys and 685 girls) with a mean age of 13.3 y (from 12 to 16 y) and with valid anthropometric and biochemical parameters. The boys had higher body height (P`0.001) and larger body weight (P`0.05), waist circumference (P`0.01) and waistahip ratio (WHR, P`0.001) than the girls. However, the girls had larger skinfolds than the boys. After adjusting for age, girls had higher total CHOL, TG, HDL-C, LDL-C, ApoA1 and ApoB concentrations than boys. In general, TG was positively associated with most anthropometric parameters (except body height); a similar negative association between HDL-C and anthropometric variables was noted. After controlling, for age, cigarette smoking, alcohol drinking and puberty development, shorter body height was the strongest predictor of total CHOL, LDL-C and ApoB concentrations among boys. Although body mass index (BMI) was a signi®cant positive predictor (P`0.01) of the CHOLaHDL-C ratio; skinfold measurements were the strongest anthropometric predictors of most lipid concentrations among boys. Among girls, we found WHR and BMI to be the strongest positive predictors of TG and ApoB level respectively (both P`0.001), but skinfold measurements were best for predicting HDL-C, LDL-C, ApoA1 and the CHOLaHDL-C ratio. CONCLUSIONS: From this large study of school-age children from Taiwan, we found anthropometric parameters, such as body height, BMI or WHR, are adequate predictors of blood lipid levels; however, skinfold measurements are generally more strongly associated with lipid levels in both genders.
Introduction
Over the past twenty years, the prevalence of obesity has increased in most Western countries and the Taiwan area. Obesity is associated with an increased risk of hypertension, diabetes mellitus, dyslipidaemia, atherosclerotic disease and coronary heart disease. 1, 2 Several studies have shown that obesity and fat distribution are associated with lipid or glucose related metabolic disorders. 3±6 Even among children and adolescents, obesity is associated with high blood pressure, abnormal lipid and glucose metabolism, and with the development of hypertension, dyslipidaemia and diabetes mellitus later in life.
7±10
For epidemiological studies and in clinical practice, non-invasive anthropometric measurements are more practical for large-scale screening of children. Obesity and fat distribution are assessed by anthropometric parameters such as body mass index (BMI, weightaheight 2 ), waistahip ratio (WHR) and skinfold measurements. Although circumference measurements are useful and valid tools to study central obesity and cardiovascular disease risk factors in younger and older adults 11, 12 the best anthropometric predictor among children is still controversial. In several, 10,13±15 but not all studies 5 ,16±18 of children and adolescents, skinfold indices are more strongly associated with cardiovascular risk factors than conventional anthropometric measurements such as BMI or WHR. These associations have not been thoroughly examined in Taiwan, a country with increasing rates of coronary heart disease and childhood obesity. 12, 19 Therefore, we examined 1366 school children from Taiwan, to evaluate the association between lipid levels and anthropometric measurements to ®nd the most predictive anthropometric parameters of blood lipid levels among school children.
Methods

Study design and sampling method
We conducted a cross-sectional survey of children attending junior high school in Taipei city. This survey included the collection of demographic and lifestyle characteristics in addition to a 20 ml blood specimen. Using a probability-proportional-to size sampling method and multi-stage sampling procedure, we collected information on a sample of children from the 101,000 students enrolled in the 47 schools with more than 40 classes and from the 28,000 students enrolled in the 38 schools which have less than 40 classes in Taipei city. We ®rst sampled study schools, according to size; seven large and three small schools were selected. Secondly, we randomly chose six classes from each selected school. Finally, we sampled the study children from the selected class; 28 children from each large school class and 18 children from each small school class. The 10 schools (seven large and three small) and 60 classes (42 from large schools and 18 from small schools) sampled were proportional to the number of students in Taipei city. A total of 1500 school children (1176 from large schools and 324 from small schools) were sampled for this survey.
Data collection
General information. All participants completed a structured questionnaire with the help of a welltrained research technician. The questionnaire included personal and family history of disease and general lifestyle characteristics including cigarette smoking, alcohol consumption, puberty development, usual physical activity and dietary intake.
Anthropometric variables measurement. Anthropometric parameters were collected by two well-trained research technicians. Body weight was recorded to the nearest 0.1 kg using a standard beam balance scale with subjects barefoot and wearing light indoor clothing. Technicians recorded body height to the nearest 0.5 cm using a ruler attached to the scale. We calculated BMI as the ratio of body weight to body height squared and expressed as kgam 2 . Waist circumference was measured at the distal third of the line from the xyphoid process to the umbilicus. Hip circumference was measured 4 cm below the anterior superior process of the iliac spine. We calculated WHR as the ratio of waist circumference divided by the hip circumference.
We recorded arm circumference at the midpoint between the acromial and olecranon processes of the scapula and the ulna, with the arm hanging relaxed at the subject's side. Skinfolds were measured to the nearest 0.1 mm by one well-trained research technician using the Lange skinfold caliper. The triceps skinfold was measured on the posterior aspect of the right arm, over the triceps muscle, midway between the lateral projection of the acromion process of the scapular and the inferior margin of the olecranon process of the ulna. The biceps skinfold was measured directly above the center of the cubital fossa, at the same level as the triceps skinfold and arm circumference. The subscapular skinfold was measured 1 cm below the lowest angle of the scapula and long axis of the skinfold on a 45
angle directed down and to the right side. Finally, the suprailiac skinfold was measured just above the iliac crest at the midaxillary line and the long axis following the natural cleavage lines of the skin and runs diagonally. For each skinfold, we recorded two measurements and used the average.
Lipids and lipoproteins measurement. To reduce extraneous between-person variation, we conducted measurements and collected fasting blood from students who had consumed their usual dietary pattern during the previous three days. Children who had recently attended a holiday or family celebration were re-contacted several weeks later during the technician's follow-up visit to each classroom. Venous blood was collected and stored at 4 C and analyzed within two weeks.
We measured serum total cholesterol (CHOL) using an esterase-oxidase method, 20 triglycerides (TG) using an enzymatic procedure, 21 and high density lipoprotein-cholesterol (HDL-C) by an enzymatic method involving magnesium precipitation 22 with the Synchron CX5 analyzer (Beckman Instruments, Palo Alto, CA). Apolipoprotein A1 (ApoA1) and apolipoprotein B (ApoB) concentrations determined by nephelometric assay (Beckman Instruments, Palo Alto, CA). 23 Each of these commercial assays was calibrated with the dedicated standard material offered by the manufacturer. Because no TG concentration was greater than 400 mgadl and all samples were collected after a 12 h fast, we used the Friedewald's formula, 24 to calculate low density lipoprotein-cholesterol (LDL-C) LDL-C [(total CHOL)7(HDL-C)7(TGa5)]. We calculated the CHOLaHDL-C ratio (TCHR, total CHOL divided by HDL-C) as a marker of atherogenicity.
Statistic analysis
Mean anthropometric values were age-adjusted and strati®ed by gender to avoid maturation differences due to aging or gender. We calculated Student t-test to evaluate the differences between boys and girls. We calculated the gender-speci®c Pearson's correlation coef®cient, to evaluate the relationship between anthropometric parameters and lipid concentrations in study subjects. As there is no clear de®nition of obesity, 25, 26 we conducted multivariate regression analyses combining the obese and non-obese children.
Multiple regression analysis was used to evaluate the anthropometric parameters most predictive of the lipids and lipoproteins. We conducted modi®ed twostage stepwise regression analysis to select the most adequate anthropometric parameters for each model. In the ®rst stage, we divided the anthropometric parameters into three different groups. The ®rst group consisted of general obesity measures (body height, body weight and BMI), the second group included measures related to fat distribution (waist circumference, hip circumference and WHR) and the ®nal group included arm circumference and skinfold measurements. We regressed biochemical measures on each group of parameters. The P-value criterion for entry into these stepwise regression models was 0.1. The second stage of the analysis procedure was to include the variables from each of the three groups that remained in the model after the ®rst stage. Using the backward elimination regression method, the ®nal model included those anthropometric parameters still signi®cant at the P`0.05 level. All regression analyses were adjusted for age, cigarette smoking, alcohol drinking and puberty development.
Results
General characteristics of study children
Among the 1500 children sampled in this survey, we excluded 134 subjects who refused the survey protocol or had missing or incomplete data. The ®nal sample for analysis included 1366 children (681 boys and 685 girls) with a mean age of 13.3 y (from 12 to 16 y).
The age-adjusted mean value and range of anthropometric, lipid and lipoprotein factors are shown in Table 1 and Table 2 . In general, boys were taller, heavier, had larger waist circumferences and WHR and girls had larger skinfolds. We also found that girls had higher concentrations of lipids and lipoproteins than boys.
Correlation between anthropometric and lipids variables
The Pearson correlation coef®cients between anthropometric, lipids and lipoproteins in boys and girls are HDL-C high density lipoprotein-cholesterol; LDL-C low density lipoprotein-cholesterol; Apo-A1 apolipoprotein A1; Apo-B apolipoprotein B; TCHR total cholesterol to high density lipoproteincholesterol ratio. *P`0.05; **P`0.01; ***P`0.001 when boys compared with girls.
presented in Table 3 and Table 4 . In general, anthropometric parameters were positively correlated with TG concentrations (except body height) and negatively correlated with HDL-C. The skinfold measurements were better correlated with most of the lipid or lipoprotein variables (except CHOL in boys and Apo-A1 in girls) than body weight or circumferences. For example, among boys, the correlation between triceps skinfold (r 0.13) and LDL-C was stronger than body weight (r 0.02) or hip circumference (r 0.03); among girls, the correlation between triceps skinfold (r 70.22) and HDL-C was stronger than body weight (r 70.17) or hip circumference (r 70.17).
Multivariates regression model to predict lipids and lipoproteins Table 5 and Table 6 show the gender-speci®c multiple regression analyses of the relationship between anthropometric parameters and lipids, and lipoproteins concentrations after controlling for age, smoking status, alcohol drinking and puberty development. Among boys (Table 5) , shorter body height is the strongest negative predictor of blood total cholesterol, LDL-C and ApoB levels. Among boys, BMI was a signi®cant positive predictor of the CHOLaHDL-C ratio (P`0.01) and waist circumference was a signi®cant negative predictor of the CHOLaHDL-C ratio (P`0.05) after controlling for each other. With the exception of total cholesterol, the different site skinfold measurements were signi®cant predictors of all blood lipid and lipoprotein variables. Among girls (Table 6 ), none of the anthropometric parameters signi®cantly predicted blood total cholesterol levels. The WHR and BMI were the best positive predictors of TG and ApoB concentrations respectively (both P`0.001). Similar to the boys, skinfold measurements were signi®cant predictors of ApoA1 (P`0.001 for triceps and P`0.05 for biceps), LDL-C (P`0.01) and CHOLaHDL-C ratio (P`0.001), and signi®cant negative predictors of HDL-C (P`0.001).
Discussion
Among this random sample of 1366 school age Taiwanese children, the mean body heights are Chol total cholesterol; TG triglyceride; HDL-C high density lipoprotein-cholesterol; LDL-C low density lipoprotein-cholesterol; Apo-A1 apolipoprotein A1; Apo-B apolipoprotein B; TCHR total cholesterol to high density lipoprotein-cholesterol ratio; BMI body mass index; WHR waistahip ratio. *P`0.05; **P`0.01; ***P`0.001.
156 cm and 161 cm, body weights are 51 kg and 57 kg, mean cholesterol levels are 161 mgadl and 152 mgadl and mean TGs are 77 mgadl and 70 mgadl for boys and girls, respectively. In this study, almost all anthropometric parameters were positively correlated with TG and CHOLaHDL-C ratio and negatively correlated with HDL-C and ApoA1 concentrations. Body height is negatively correlated with lipid and lipoprotein concentrations. No single anthropometric parameter could predict all lipid concentrations in children. Although BMI was a positive predictor of the CHOLaHDL-C ratio (in boys, after controlling for waist circumference, arm circumference and sum skinfolds) and ApoB (in girls) and WHR was a positive predictor of TG (in girls), skinfold measurements were the most consistent predictors of lipid or lipoprotein concentrations among school children.
The limitations of a cross-sectional survey design, and the inherent measurement error in assessing anthropometric parameters and lipid concentrations, may have somewhat attenuated our results. However, children of this age group are rarely on special diet or exercise regimens and generally do not receive treatment for obesity or hyperlipidaemia. In our results, although anthropometric variables were signi®cant predictors of lipids or lipoproteins concentrations in children, the variance explained by these anthropometric variables was small (less than 16%), which suggests that other genetic or lifestyle parameters are important in the determination of lipids and lipoproteins concentrations among children.
During the last 20 years, intake of total energy, fat and cholesterol have increased steadily, concurrent with a more sedentary lifestyle in the Taiwan area. 19 These trends toward adverse lifestyles and dietary patterns, may explain the increase in the prevalence of obesity and hyperlipidaemia in Taiwan, as it has in western countries. We found little difference in the distribution of anthropometric and lipid concentrations among school children in Taiwan, compared with those in western countries. 26±30 Overweight and hyperlipidaemia have become important public health issues for children and the general population in Taiwan.
Obesity and hyperlipidaemia are important risk factors for hypertension, diabetes mellitus and atherosclerotic heart disease. Because weight gain during the adult lifetime increases the risk of cardiovascular None of the anthropometric parameter was signi®cant to predict total cholesterol level in schoolgirls. Chol total cholesterol; TG triglyceride; HDL-C high density lipoprotein-cholesterol; LDL-C low density lipoprotein-cholesterol; Apo-A1 apolipoprotein A1; Apo-B apolipoprotein B; WHR waistahip ratio; BMI body mass index.
disease, 31, 32 early detection and prevention of obesity may be the best treatment. Routine physical check-ups which include biochemical studies are indicated for the population with high cardiovascular risk (for example, obesity, hypertension, cigarette smoking, physical inactivity and family history of diabetes mellitus or premature coronary heart disease). However, for epidemiological studies, large-scale invasive procedures are dif®cult and costly to conduct, especially among children. The National Cholesterol Education Program (NCEP) Expert Panel on Blood Cholesterol Levels in Children and Adolescents 33 and the American Academy of Pediatrics (AAP) Committee on Nutrition, 34 provide guidelines for the selective screening of blood lipids only among children or adolescents with a family history of premature coronary heart disease or atherosclerotic disease. The cost-effectiveness of such selective screening has been challenged on several grounds and the guidelines are still controversial. 24 The results of this study suggest that several non-invasive anthropometric parameters may also be ef®cient for screening school children for hyperlipidaemia.
In this study, most anthropometric parameters correlated with lipids variables among children (except total cholesterol). Although BMI, WHR and skinfolds each measure a distinct component of obesity or body fat distribution, the skinfolds were most consistently the best predictors of blood lipid concentrations; a result similar to that found among US 10, 13 and Italian 14 children. Body height was an important predictor for lower total cholesterol, LDL-C and ApoB levels among boys in this and other studies. 35, 36 Height may be a surrogate for adequate nutrition in infancy and childhood development. Regardless of the underlying physiological effects of height, these data suggest that the reduced risk of coronary heart disease among taller adult men and women, 31, 37 may be traceable to the association between height and lipids among adolescents.
Although BMI was not as strong a predictor as the sum of skinfolds, it was a stronger predictor of lipid concentrations (for example, the CHOLaHDL-C ratio and ApoB) than WHR. In Zwiauer's study 17 , measures of obesity (for example, BMI, skinfolds and percentage of body fat), but not WHR correlated with lipids and lipoprotein concentrations in both genders. In our study, the negative association between waist circumference and the CHOLaHDL-C ratio, after controlling for BMI among boys, is quite com-plicated. Table 3 and Table 4 only illustrate the crude associations between anthropometric variables and lipids before multivariate adjustment. The Pearson correlation coef®cient between waist circumference and TCHR was 0.26 and 0.24 for boys and girls, respectively. In univariate regression analyses, waist was positively associated with the CHOLaHDL-C ratio, with the regression coef®cient of 0.023 (data not shown). After controlling for BMI, arm circumference and sum skinfolds, the waist circumference was negatively associated with TCHR, with the regression coef®cient of 70.022. After controlling for other anthropometric variables, the waist circumference may be a proxy for lean body mass or body height but not for abdominal obesity.
In a study of adolescent girls, Caprio et al 5 measured fat stores using magnetic resonance imaging and reported that visceral fat, and not WHR or subcutaneous fat, correlated with insulin resistance and lipids levels. However, several other studies 3, 10 have found skinfold thickness (as markers of subcutaneous fat) are signi®cantly associated with several measures of blood lipids. Although WHR is also associated with lipid concentrations and not all skinfold measurements may be equally informative, subscapular skinfold measures are generally stronger and more consistently predict lipid levels. 3, 4, 10, 36 In the Bogalusa Heart Study 15 , truncal skinfolds such as subscapular and suprailiac measurements were more strongly correlated with total cholesterol and HDL-C than peripheral skinfolds. Others have reported that several skinfold measurements and ratios of these indices (subscapularatriceps ratio) are positively correlated with TG and ApoB concentrations and negatively correlated with HDL-C in children and adults. 14, 38 We found that the sum of four skinfold measurements was one of the strongest predictors of most lipid measures, but no single skinfold measure could signi®cantly predict all adverse lipid pro®les.
In summary, results from most previous studies, suggest that truncal and peripheral fat distributions are better predictors of lipid concentrations than BMI or WHR. We corroborated these ®ndings in a Taiwanese population of school children. Among boys, truncal and peripheral subcutaneous fat skinfold measurements were better predictors than BMI or WHR of TG, HDL-C, LDL-C, ApoA1, ApoB and the CHOLaHDL-C ratio. Among girls, the skinfold measurements were better predictors of HDL-C, LDL-C, ApoA1 and the CHOLaHDL-C ratio than BMI or WHR.
